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G e o m e t r y ,  Function ,  an d th e Comprehens io n o f  Over ,  Under ,  A b o v e an d B e l o w 

Kenny R .  Coventr y (kcovcntry@plymouth.ac.uk ) 
Departmen t  o f  Psychology ;  Drak e Circu s 

Plymouth .  PI A 8 A A U K 

Merce Prat-Sala (mprat-sala@plymouth.ac.uk) 
Departmen t  o f  Psychology ;  Drak e Circu s 

Plymouth ,  P U 8 A A U K 

Abstrac t 

One large experiment is reported wliich examined the role of 
geometr y an d functiona l  relation s o n th e comprehensio n o f 
th e spatia l  preposition s over ,  under ,  abov e an d below .  Th e 
tas k consiste d o f  ratin g ho w appropriat e a  sentenc e 
(containin g on e o f  thes e prepositions )  wa s t o describ e a 
picture .  Th e result s sho w a  significan t  effec t  o f  functiona l 
relation s o n th e rating s given ,  demonstratin g th e importanc e 
of  fimctiona l  relation s a s a  determinan t  o f  th e 
comprehensio n o f  spatia l  prepositions .  However ,  whil e ove r 
and unde r  wer e ver y sensitiv e t o functiona l  relations ,  abov e 
and belo w wer e mor e influence d b y geometri c relations . 
Thus thes e result s indicat e fo r  th e firs t  tim e tha t  spatia l 
preposition s ar e differentiall y  influence d b y geometri c an d 
functiona l  relations ,  an d tha t  geometr y an d functiona l 
relation s ar e distinc t  factors . 

Introduction 

Spatia l  preposition s ar e a m o n g th e shortes t  word s i n th e 
Englis h language .  Nevertheless ,  i t  i s difficul t  t o specif y th e 
condition s unde r  whic h term s lik e i n an d ove r  ar e used . 
Traditionall y geometri c construct s hav e bee n invoke d t o 
underpi n thei r  lexica l  entrie s (e.g. ,  Herskovits ,  1986) .  Fo r 
example ,  i n th e sentence ,  "Th e pea r  i s i n th e bowl, "  th e 
figur e (th e pear )  i s  locate d i n th e regio n describe d b y th e 
prepositiona l  phras e i n th e bowl ,  wit h th e spatia l  relatio n 
expresse d b y i n correspondin g t o "containe d interio r  t o th e 
referenc e object. "  However ,  ther e i s no t  a  direc t  mappin g 
betwee n spatia l  relation s an d prepositiona l  usage .  Fo r 
instance ,  i n i s  appropriat e t o describ e th e relationshi p 
betwee n th e pea r  an d th e bow l  i n 1(a )  bu t  ove r  woul d b e 
th e mos t  appropriat e ter m i n 1(b )  althoug h th e geometri c 
relation s ar e identical . 

(a ) 

Figur e 1 

Recentl y i t  ha s bee n argue d tha t  extra-geometri c factor s 
m ay pla y a n importan t  rol e i n th e us e an d comprehensio n 
of  spatia l  prepositions .  I n particular ,  functiona l  relation s 
hav e bee n postulate d a s th e ke y component s underlyin g th e 
meanin g o f  th e spatia l  preposition s in ,  o n an d a t 
(Coventry ,  1992 ,  1998 ;  Coventry ,  Carmichae l  an d Garrod , 
1994 ;  Garro d an d Sanford ,  1989 ;  Talmy ,  1988 ; 
Vandeloise ,  1994) .  Functiona l  relation s hav e t o d o wit h 
h o w object s interac t  wit h eac h other ,  an d wha t  th e 
function s o f  object s are .  Fo r  example ,  wit h in ,  Garro d an d 
Sanfor d (1989 )  an d Coventr y (1992 ,  1998 )  propos e tha t  th e 
lexica l  entr y is ; 

in :  functiona l  containmen t  -  i n i s  appropriat e i f 
th e groun d i s  conceive d o f  a s fulfillin g it s 
containmen t  function . 

Whethe r  o r  no t  i n i s appropriat e depend s o n a  numbe r  o f 
factor s whic h determin e whethe r  th e containe r  i s fulfillin g 
it s function .  Thes e includ e movemen t  ove r  tim e wher e th e 
figure  remain s i n th e sam e positio n relativ e t o th e 
container ,  o r  wher e th e containe r  i s sealed ,  thu s blockin g 
movement  o f  th e figure  beyon d th e rim  o f  th e container , 
allowin g constrain t  o f  locatio n ove r  time . 

Empirica l  evidenc e fo r  th e importanc e o f  thi s functiona l 
analysi s ha s bee n forthcomin g fo r  topologica l  prepositions . 
For  example ,  Coventr y (1992 ,  1998 )  foun d tha t  contiguit y 
of  movemen t  o f  figure  wit h groim d significantl y increase d 
th e us e an d ratin g o f  i n w h e n th e figure  wa s positione d o n 
to p o f  othe r  object s abov e th e rim  o f  a  containe r  a s 
compare d wit h stati c scene s wher e th e geometr y wa s th e 
same.  Conversely ,  movemen t  o f  th e figure  independentl y 
of  th e groim d wa s foun d t o reduc e th e us e o f  in .  Similarly , 
tiltin g th e containe r  reduce s th e us e o f  i n i f  i t  look s lik e th e 
figure  m a y fal l  out . 

I n additio n t o th e effect s o f  movement ,  Coventry , 
Carmichae l  an d Garro d (1994 )  provid e preliminar y 
evidenc e tha t  functio n effect s m a y b e objec t  specific . 
Comparin g stati c scene s involvin g a  ju g an d a  bow l  i n wa s 
use d significantl y mor e wit h th e bow l  a s groun d tha n wit h 
th e ju g a s groun d w h e n th e pil e wa s high .  Furthermore , 
addin g liqui d t o th e ju g wa s foun d t o furthe r  decreas e th e 
us e (an d ratings )  o f  in ,  bu t  m a d e n o differenc e i n th e cas e 
of  th e bowl .  Thu s th e additio n o f  wate r  appear s t o m a k e 
th e object-specifi c  functio n o f  th e ju g (t o contai n liquids ) 
mor e salient ,  furthe r  reducin g th e appropriatenes s o f  th e 
containe r  a s a  containe r  o f  solids .  Additionally ,  Coventr y 
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et  al .  (1994 )  foun d tha t  labellin g th e sam e objec t  a  dis h 
versu s a  plat e influence s prepositiona l  usage ,  indicatin g 
tha t  difleren t  noun s sugges t  differen t  object-specifi c 
properties . 

I t  woul d appea r  tha t  th e importanc e o f  extra-geometri c 

factor s a s a  determinan t  o f  th e us e an d comprehensio n o f 
topologica l  preposition s ha s bee n established .  However ,  i t 
i s  les s clea r  (a )  th e relativ e exten t  t o whic h functio n an d 
geometr y influenc e th e us e an d comprehensio n o f  spatia l 
term s an d (b )  whethe r  extra-geometri c factor s influenc e 
th e us e an d comprehensio n o f  al l  spatia l  prepositions . 

Th e presen t  experimen t  wa s designe d t o evaluat e th e 
relativ e exten t  t o whic h functiona l  versu s geometri c 
relation s contribut e t o th e comprehensio n o f  th e 
preposition s over ,  above ,  under ,  below . 

Function, Geometry and Over, Under, Above, 
Belo w 

Th e rol e o f  geometr y underpinnin g th e us e an d 
comprehensio n o f  projectiv e preposition s suc h a s over , 
under ,  abov e an d belo w ha s b ^ n th e subjec t  o f  bot h 
extensiv e linguisti c analysi s (e.g. ,  Bennett ,  1975 ;  Brugman , 
1988 ;  Lakoff ,  1987 )  an d recen t  empirica l  stud y (Carlson -
Radvansk y &  Irwin ,  1993 ,  1994 ;  Carlson-Radvansk y & 
Radvansky ,  1996 ;  Haywar d &  Tarr ,  1995 ;  Loga n an d 
Sadler ,  1996) .  Loga n an d Sadle r  (1996 )  foun d tha t  th e 
prototypica l  abov e relationshi p i s a t  a  poin t  highe r  tha n 
directl y abov e th e referenc e object .  Displacin g th e figure 
fro m th e centra l  axi s o f  th e referenc e objec t  wa s foun d t o 
reduc e th e appropriatenes s o f  th e term .  However ,  thes e 
studie s involve d participant s markin g point s o r  ratin g 
scene s involvin g abstrac t  geometri c shapes  rathe r  tha n rea l 
object s wit h an y relation s betwee n them . 

Carlson-Radvansk y an d Radvansk y (1996 )  foun d tha t  th e 
presenc e o f  a  functiona l  relatio n betwee n object s t o b e 
describe d wa s associate d wit h a  preferenc e fo r  intrinsi c 
descriptions ,  wherea s th e absenc e o f  a  relationshi p wa s 
associate d wit h a  preferenc e fo r  deictic-extrinsi c 
descriptions .  Coventr y an d Mathe r  (i n press )  als o 
demonstrat e contex t  effect s base d o n objec t  knowledg e wit h 
th e spatia l  prepositio n over .  The y foun d tha t  th e 
introductio n o f  a  contex t  i n whic h a  plan e ha d t o dro p a 
b o mb i n orde r  t o hi t  a  buildin g significantl y influence d th e 
use d an d ratin g o f  ove r  t o describ e th e positio n o f  th e plan e 
at  variou s point s o n a  pat h highe r  tha n th e buildin g a s 
compare d t o a  no-contex t  contro l  condition .  Furthermore , 
ther e wa s a  relationshi p betwee n wher e subject s though t 
ove r  wa s appropriat e an d wher e the y though t  th e b o m b 
shoul d b e droppe d t o successfull y hi t  th e target .  However , 
no suc h effect s wer e foun d fo r  above .  F ro m this ,  Coventr y 
an d Mathe r  hav e argue d tha t  ove r  i s mor e influence d b y 
extra-geometri c factor s tha n above ,  an d tha t  preposition s 
m ay cluste r  int o functiona l  an d non-functiona l  types . 

Th e presen t  experimen t  therefor e manipulate d geometr y 
an d functio n independentl y an d togethe r  i n orde r  t o asses s 
th e influenc e o f  bot h factor s o n th e comprehensio n o f  over . 
above ,  unde r  an d below .  Followin g th e findings  o f 
Coventr y &  Mathe r  (i n press )  i t  wa s predicte d tha t  functio n 
effect s shoul d b e presen t  wit h th e preposition s ove r  an d 
under ,  bu t  absen t  wit h abov e an d below .  Conversel y i t  wa s 

predicte d tha t  abov e an d belo w woul d b e mor e affecte d b y 
change s i n geometri c relation s tha n ove r  an d under . 

Experimental Design 

Th e experimen t  wa s designe d t o tes t  fo r  th e differentia l 
effect s o f  fiinctio n an d geometr y o n participants '  rating s o f 
th e appropriatenes s o f  sentence s t o describ e a  serie s o f 
pictures .  Th e variable s manipulate d include d thre e level s o f 
geometr y an d thre e level s o f  functionality .  Eithe r  th e figure 
i n th e pictur e wa s positione d canonicall v abov e th e ground , 
at  a n angl e o f  45 °  o r  a t  a n angl e o f  9 0 t o th e groun d (se e 
Figur e 2) .  Fo r  eac h leve l  o f  geometr y thre e level s o f 
functionalit y wer e employed .  Th e figure  wa s show n t o b e 
eithe r  fulfillin g it s fiinction ,  no t  fulfillin g it s function ,  o r 
othe r  object s wer e no t  presen t  t o mak e th e functiona l 
relationshi p relevan t  ( a control) .  Th e sentence s give n t o 
rat e wer e presente d i n pair s fo r  eac h picture .  Eac h sentenc e 
i n a  pai r  wa s identica l  excep t  fo r  th e preposition .  Fo r 
example ,  a  pai r  o f  sentence s coul d b e Th e m a n i s unde r  th e 
umbrell a an d Th e m a n i s belo w th e umbrella .  Th e 
prediction s wer e tha t  i f  geometri c relation s ha d a n effec t  o n 
th e comprehensio n o f  thes e prepositions ,  th e participant s 
woul d giv e th e highes t  rating s t o a  sentenc e whe n i t 
describe d a  pictur e wher e on e o f  th e object s appeare d i n it s 
canonica l  positio n an d th e lowes t  rating s whe n th e sam e 
sentenc e describe d a  varian t  o f  th e pictur e whic h containe d 
th e sam e objec t  title d a t  90° .  W e wer e als o predictin g tha t 
i f  functiona l  relation s ha d a n effect ,  participants '  rating s 
fo r  a  particula r  sentenc e woul d b e highe r  w h e n i t  describe d 
a pictur e depictin g a  fiinctional  relatio n betwee n objects , 
tha n whe n th e fiinctiona l  relatio n wa s no t  present . 
Additionally ,  i t  wa s predicte d tha t  ove r  an d unde r  woul d b e 
most  sensitiv e t o functiona l  relation s whil e abov e an d 
belo w shoul d b e mor e sensitiv e t o geometri c relations . 

Method 

Participants: Thirty-eight undergraduate students from the 
Universit y o f  Plymout h participate d i n thi s experimen t  a s 
an extr a credi t  optio n i n a  Psycholog y course .  Al l 
participant s wer e nativ e speaker s o f  English . 

Materials: The materials for the experiment consisted of 
a tota l  o f  14 4 picture s an d wer e base d o n tw o set s o f  fou r 
type s o f  pictures .  Eac h pictur e i n a  se t  ha d nin e variant s ( 3 
level s o f  geometr y an d 3  level s o f  functionality) ,  makin g a 
tota l  o f  7 2 pictures .  Eac h pictur e wa s printe d twice ,  on e 
wit h a  pai r  o f  sentence s (e.g .  Th e m a n i s under/belo w th e 
umbrella )  an d th e othe r  wit h anothe r  pai r  o f  sentence s 
(e.g .  Th e umbrell a i s over/abov e th e m a n )  t o tes t  al l  fou r 
prepositions . 

Th e first  se t  o f  picture s depicte d a  m a n usin g a n objec t  t o 
protec t  himsel f  fro m a  fallin g object/object s (e.g. ,  a  ma n 
usin g a n umbrell a t o protec t  himsel f  fro m rain) .  Fo r  eac h 
pictur e ther e wer e thre e level s o f  geometr y o f  th e objec t 
use d b y th e m a n t o protec t  himsel f  (i n thi s cas e th e 
umbrella) .  Additionally ,  fo r  eac h geometri c permutatio n 
ther e wer e thre e level s o f  fiinctionality:  control ,  wher e th e 
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objec t  th e m a n trie d t o protec t  himsel f  fro m wa s abse m 
(e.g .  ther e wa s n o rain) ;  fimctional .  wher e th e objec t  wa s 
presen t  (i.e .  th e rai n wa s fallin g o n th e umbrell a keepin g 
th e m a n dry) ;  an d non-fimctional .  wher e th e fallin g objec t 
was presen t  bu t  th e protectin g objec t  di d no t  fulfi l  it s 
functio n (i.e .  th e rai n wa s fallin g o n th e m a n despit e th e 
umbrella' s presence) .  Se e Figur e 2  fo r  a n exampl e o f  al l 
nin e level s o f  pictur e fo r  on e se t  o f  materials . 

fre e t o us e an y numbe r  i n th e scale .  Th e experimenta l 
session s laste d aroun d 3 0 minutes . 

. im^- -> ;> ~ 

Figur e 2 :  Example s fro m Materia l  Se t  1 

The second set of pictures depicted two related objects 
(e.g. ,  ca n an d a  pan) .  O n e o f  thes e object s wa s alway s a 
recipien t  object .  Fo r  eac h pictur e ther e wer e thre e level s o f 
geometr y o f  th e recipien t  objec t  (i n thi s cas e thepan).Ther e 
wer e als o thre e level s o f  functionality :  control ,  wher e th e 
falling/poiuin g objec t  wa s missin g (i n thi s cas e ther e wer e 
no bean s i n th e can) ;  functional ,  wher e th e falling/pourin g 
objec t  wa s presen t  (i.e .  ther e wer e bean s fallin g int o th e 
pan) ;  an d non-fimctional .  wher e th e falling/pourin g objec t 
was presen t  bu t  di d no t  en d u p i n th e recipien t  objec t  (i.e . 
ther e wer e bean s missin g th e pa n an d droppin g ont o th e 
floor) .  Se e Figur e 3  fo r  a n exampl e o f  a  pictur e wit h al l 
nin e level s o f  function/geometr y (an d Appendi x fo r  a 
descriptio n o f  th e pictur e material s used) . 
Procedure :  Participant s wer e ru n i n group s o f  6-1 0 people . 
Each participan t  receive d th e instruction s an d a  bookle t 
containin g th e material .  Th e participant s wer e tol d tha t 
eac h pag e o f  th e bookle t  containe d a  pictur e an d tw o 
sentences ,  an d tha t  thei r  tas k consiste d o f  ratin g h o w 
appropriat e eac h sentenc e wa s t o describ e th e picture .  The y 
wer e give n a  7-poin t  scal e wher e 1  mean t  totall y 
inappropriat e an d 7  totall y appropriate .  Participant s wer e 

Figur e 3 :  Example s fro m Materia l  Se t  2 

The test materials were divided into two parts. One copy 
of  eac h pictur e (wit h on e pai r  o f  prepositions )  appeare d i n 
par t  on e an d th e othe r  cop y o f  th e pictur e (wit h th e othe r 
pai r  o f  prepositions )  i n par t  two .  Hal f  o f  th e participant s 
sa w par t  on e first  an d th e othe r  hal f  sa w th e secon d par t 
first  (thoug h participant s wer e no t  awar e o f  th e tw o parts) . 
Additionally ,  th e material s wer e randomise d i n a  stratifie d 
fashion .  W e create d 9  group s o f  8  picture s fo r  eac h part . 
Eac h grou p ha d on e pictur e fro m eac h materia l  set ,  an d 
corresponde d t o a  differen t  leve l  o f  geometr y an d 
functionality .  Then ,  eac h individua l  grou p wa s randomise d 
befor e bein g groupe d wit h anothe r  group .  Eac h participan t 
had a  differen t  groupin g an d randomisation .  Th e en d resul t 
of  thi s proces s mean t  tha t  th e possibilit y  o f  primin g effect s 
was minimised . 

Resul t s 

Th e result s fo r  eac h se t  o f  material s ar e reporte d separately . 

Material Set 1 

A five  wa y analysi s o f  varianc e (full y  within )  wa s 
performe d o n th e ratin g data .  Th e variable s wer e materia l 
typ e (umbrella/man ,  head/hat ,  shield/viking , 
visor/gardener) ,  functio n (e.g. ,  functional ,  non-functiona l 
and control) ,  angl e (canonical ,  45° ,  o r  90°) , 
superior/inferio r  preposition s (over/abov e an d under/below ; 
highe r  tha n an d lowe r  tha n prepositions )  an d 
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functional/non-functiona l  preposition s (over/unde r  an d 

above/below) . 
A m a i n effec t  o f  functio n w a s foun d [F(2 ,  72 )  =  82.41 ,  p 

< 0.0001] .  Fol low-u p analysi s usin g T u k e y H S D test s 
reveale d significan t  difference s betwee n al l  thre e level s o f 
function .  T h e highes t  rating s wer e give n fo r  th e functiona l 

scenes ,  a n d th e lowes t  rating s we r e give n fo r  th e non -
functiona l  scenes .  Ther e w a s als o a  m a i n effec t  o f  angl e 
[F(2 ,  7 2 )  =  213.22 ,  p  <  0.0001] .  A s expected ,  th e highes t 
rating s we r e give n fo r  th e canonica l  orientatio n a n d th e 

lowes t  fo r  th e 9 0 °  pictures .  Al l  thre e level s differe d 
significantl y from  on e another . 

N o m a i n eflFec t  w a s foun d fo r  th e superior/inferio r 
distinctio n [F(l ,  36 )  =  0.37 ,  p  >  0.05] .  H o w e v e r  a  m a i n 
effec t  w a s foun d fo r  th e over/under-above^elo w 
compar iso n [F(l ,  36 )  =  76.07 ,  p  <  0.0001] .  Overal l 

over/unde r  w e r e give n lowe r  rating s tha t  above/below . 
A significan t  interactio n w a s observe d betwee n functio n 

a n d angl e [F(4 ,  144 )  =  5.36 ,  p  <  0.001] .  Fo r  th e 4 5 degre e 
a n d 9 0 degre e angles ,  th e rating s fo r  functional ,  non -
functiona l  a n d contro l  scene s differe d significantl y from 
o n e other .  W i t h th e canonica l  position ,  ther e w a s n o 
significan t  differenc e betwee n th e functiona l  a n d contro l 
scene s althoug h th e non-functiona l  scene s di d diffe r 
significantl y from  th e othe r  two . 

T h e r e we r e als o significan t  interaction s betwee n th e 
functional/non-fiinctiona l  prepositio n distinctio n an d angl e 
[F(2 ,  7 2 )  =  122.15 ,  p  <  0.0001 ]  a n d functio n [F(2 ,  72 )  = 
34.36 ,  p  <  0.0001] .  T h e s e interaction s ar e displaye d i n 

Figur e 4 . 
T h e r e we r e a  n u m b e r  o f  material s effect s an d 

interactions .  N o t  onl y w a s ther e a  m a i n effec t  o f  material s 
PF(3 ,  108 )  =  80.07 ,  p  <  0.0001] ,  bu t  material s als o 
interacte d wit h function ,  angl e a n d th e functional/non -
functiona l  distinction .  O n examinat io n al l  set s o f  material s 
behave d th e s a m e w a y wit h al l  th e m a i n variable s -  w h a t 
differ s be twee n material s i s  th e siz e o f  th e effect s althoug h 
th e directio n remain s th e s a m e i n eac h case .  I t  wou l d 
appea r  tha t  s o m e set s o f  material s ar e m o r e functiona l  tha n 
others ,  a n d thi s shoul d b e note d i n futur e studies . 
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Figur e 4 :  Interactio n B e t w e e n Functional/Non-fiinctiona l 
Prep ,  a n d Functio n a n d A n g l e 

Materia l  Se t  2 

Agai n a  five-way  analysi s o f  varianc e (fiill y  within )  wa s 

performe d o n th e data) .  Th e variable s wer e materia l  typ e 
(tap/bucket ,  chute/skip ,  can/pan ,  bottle/glass) ,  functio n 
(e.g. ,  functional ,  non-functiona l  an d control) ,  angl e 
(canonical ,  45° ,  o r  90°) ,  superior/inferio r  preposition s 
(over/abov e an d under/below )  an d ftinctional/non-
fiinctiona l  preposition s (over/unde r  an d above/below) .  Th e 

result s wer e ver y simila r  t o thos e foun d wit h th e first 
materia l  set .  M a i n effect s o f  functio n [F(2 ,  70 )  =  96.23 ,  p  < 
0.0001] ,  angl e [F(2 ,  70 )  =  164.71 ,  p  <  0.0001 ]  an d th e 
functional/non-functiona l  distinctio n [F(l ,  35 )  =  119.45 ,  p 

< 0.0001 ]  wer e found ,  al l  i n th e sam e directio n a s thos e 
foun d wit h Materia l  Se t  1 .  Additionall y ther e wa s a  mai n 
effec t  o f  th e superior/inferio r  distinctio n [F(l ,  35 )  =  5.24 ,  p 
< 0.05] .  Abov e an d o\e r  wer e give n lUghe r  rating s tha t 
belov i  an d unde r  overall ,  whic h i s consisten t  wit h previou s 
wor k (e.g. ,  Seymour ,  1974) .  Similarly ,  ther e wa s als o a n 
interactio n betwee n angl e an d th e superior/inferio r 
distinctio n [F(2 ,  70 )  =  5.80 ,  p  <  0.01] . 

Ther e wa s a  significan t  interactio n betwee n functio n an d 
angl e [F(4 ,  140 )  =  10.47 ,  p  <  O.OOOI] .  Follow-u p analysi s 
reveale d tha t  al l  thre e level s o f  functionalit y differe d 
significantl y fro m on e anothe r  i n th e predicte d directio n a t 
ever y geometri c position . 

Ther e wer e als o significan t  interaction s betwee n functio n 
an d fiinctional/non-functional  preposition s [F(2 ,  70 )  = 
35.86 ,  p  <  0.0001 ]  an d angl e an d fimctional/non-fimctional 
preposition s [F(2 ,  70 )  =  46.52 ,  p  <  0.0001] .  Thi s patter n o f 
result s wa s th e sam e a s thos e foun d fo r  Material s Se t  1 . 
Functio n ha s a n effec t  wit h over/unde r  bu t  no t  wit h 
above/below .  Conversely ,  angl e ha d a n effec t  wit h 
above/belo w bu t  no t  wit h over/under .  T h e three-wa y 
interactio n betwee n function ,  angl e an d functional/non -
functiona l  preposition s wa s als o significan t  [F(4 ,  140 )  = 
7.26 ,  p  <  0.0001] .  Thi s i s displaye d i n Figur e 5 . 

As wit h Materia l  Se t  1 ,  ther e wa s a  mai n effec t  o f 
material s plu s interaction s betwee n material s an d ftmction 
an d angle .  O n examinatio n al l  set s o f  material s behave d i n 
th e sam e wa y wit h al l  th e mai n variable s -  wha t  differ s 
betwee n material s i s th e siz e o f  th e effect s althoug h th e 
directio n remain s th e sam e i n eac h case . 
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Figur e 5 :  Interactio n B e t w e e n Functional/Non-functiona l 
Prep ,  a n d Functio n an d A n g l e 
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G e n e r a l  Discussio n 

The result s acros s bot h set s o f  material s wer e ver y similar . 
Mai n effect s o f  functio n an d angl e wer e foun d i n bot h sets , 
demonstratin g tha t  functiona l  relation s an d geometr y ar c 
bot h importan t  factor s i n determinin g th e appropriatenes s 
of  a  prepositio n t o describ e a  spatia l  scen e 

Wit h regard s t o geometry ,  th e result s wer e ver y simila r  t o 

thos e foun d i n th e literatur e (Carlson-Radvamsk y &  Irwin , 
1993 ,  1994 ;  Haywar d &  Tar ,  1995 ;  Loga n &  Sadler ,  1996) . 
W h en th e figur e i s displace d fro m th e poin t  directl y abov e 
th e centra l  axi s o f  th e referenc e object ,  appropriatenes s 
rating s fo r  suitabl e spatia l  preposition s decrease . 
Additionally ,  th e stud y showe d a  mai n efifec t  o f  fiinction  o f 
simila r  magnitud e t o tha t  foun d fo r  th e geometri c 
manipulation .  Participant s gav e significantl y highe r  rating s 
t o sentence s correspondin g t o scene s wher e th e functiona l 
relatio n betwee n object s held ,  tha n t o sentence s 
correspondin g t o scene s wher e a n objec t  wa s show n no t  t o 
be fulfillin g it s function . 

The interactio n betwee n geometr y an d functio n als o 
reveal s tha t  i t  i s no t  th e cas e tha t  fiinctional  relation s onl y 
become importan t  whe n th e prototypica l  geometri c relatio n 
i s no t  present .  Functionalit y effect s wer e presen t  wit h bot h 
set s o f  material s a t  al l  thre e positions ,  no t  jus t  i n th e 
margina l  geometri c cases . 

The effect s foun d i n th e experimen t  presente d i n thi s 
pape r  buil d o n th e findings  obtaine d b y Carlson-Radvansk y 
and Radvansk y (1996) .  Thes e author s foun d tha t  functiona l 
relation s influence d fram e o f  referenc e selection .  Fram e o f 
referenc e ambiguit y wa s absen t  i n th e presen t  study , 
providin g evidenc e tha t  functiona l  relation s ar e crucia l  bot h 
not  onl y i n th e choic e o f  frame s o f  referenc e bu t  als o t o 
determin e th e appropriatenes s o f  a  spatia l  ter m withi n a 
singl e fram e o f  reference . 

Althoug h material s effect s wer e observe d acros s bot h 
sets ,  effect s o f  flinctionalit y an d geometr y wer e i n th e sam e 
directio n fo r  al l  sets .  I t  i s  wort h noting ,  however ,  tha t  th e 
canonica l  positio n fo r  th e figure  acros s scene s di d differ , 
whic h ma y hav e lea d t o th e materia l  differences .  Fo r 
example ,  a n umbrell a i s  normall y hel d directl y abov e th e 
head ,  wherea s a  shiel d i s usuall y hel d i n fron t  o f  th e body . 

Give n th e existenc e o f  functionalit y effect s i n th e presen t 
study ,  an d previou s researc h indicatin g tha t  ther e ar e 
object-specifi c  functio n effect s wit h topologica l  preposition s 
(Coventr y e t  al. ,  1994 )  futur e studie s nee d t o contro l  fo r  th e 
type s o f  objec t  relation s use d i f  geometr y i s t o b e th e focu s 
of  attention . 

I t  shoul d b e note d tha t  mos t  studie s examinin g projectiv e 
preposition s hav e focuse d o n geometri c relations .  Fo r 
instance ,  Loga n an d Sadle r  (1996 )  usin g abstrac t  objects , 
showed typicalit y effect s fo r  projectiv e prepositions .  The y 
propos e tha t  geometri c template s ar e use d t o asses s th e 
appropriatenes s o f  spatia l  terms .  However ,  thi s proposa l 
shoul d b e treate d wit h caution .  I t  ma y b e th e cas e tha t  suc h 
effect s ar e onl y presen t  wit h abstrac t  object s wher e subject s 
distinguis h betwee n geometri c region s a s the y hav e n o 
othe r  informatio n t o g o on . 

The presen t  stud y has ,  fo r  th e first  term ,  demonstrate d 
th e importanc e o f  bot h functio n an d geometr y i n th e 
comprehensio n o f  projectiv e prepositions .  Furthermore , 

clea r  evidenc e ha s bee n produce d tha t  som e preposition s 

ar e mor e influence d b y functiona l  relation s whil e other s ar e 
mor e influence d b y geometry .  Th e ratin g o f  ove r  an d unde r 
acros s bot h set s o f  material s wer e influence d mainl y b y 
functionality ,  whil e abov e an d belov /  wer e mainl y 
influence d b y geometry .  Thi s patter n o f  result s support s th e 
findings  o f  Coventr y an d Mathe r  (i n press) ,  fo r  ove r  an d 
above ,  bu t  als o extend s th e result s t o unde r  an d below .  I t 
may b e th e cas e tha t  preposition s cluste r  int o tw o groups : 
one wher e th e meanin g i s primaril y determine d b y th e typ e 

of  simpl e geometri c construct ,  a s propose d b y Herkovit s 
(1986) ,  an d th e othe r  wher e th e meanin g i s  primaril y 
determine d b y a  myria d o f  extra-geometri c factors ,  whic h 
migh t  includ e no t  onl y functiona l  relations ,  bu t  othe r 
contextua l  factor s a s well .  Futur e researc h shoul d examin e 
thi s ne w distinctio n further . 
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A p p e n d i x -  Material s Use d 

Setl: 
Umbrell a an d ma n (wit h o r  withou t  rain ) 
Shiel d an d Vikin g (wit h o r  withou t  spears ) 
Har d ha t  an d workma n (wit h o r  withou t  brick ) 
Viso r  an d gardene r  (wit h o r  withou t  insect ) 

Set 2: 
Glas s an d bottl e (wit h o r  withou t  wine ) 
Bucke t  an d ta p (wit h o r  withou t  water ) 
Pan an d ca n (wit h o r  withou t  beans ) 
Ski p an d rubbis h chut e (wit h o r  withou t  bricks ) 
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